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OCT i;J 1933 

The test which forms a part of this thesjs was made 
by the writer for the Northern Electrical Manixfacturing 
Company, of Lladison, Wis., durinf^ the month of April, 1908, 
at Platteville, Wis., and at the property of the Empire 
Mining Company. The test was made for the purpose of as- 
certaining the power- input required for operating the 
mining company's entire equipment by one central motor or 
by several motors arranged for group drive or by individual 
motors. 

A number of Northern direct-current motors were sent 
to Platteville and these rrere driven from the company's 
generators which were already installed in their plant • 
These motors were numbered #23411, #25369, #25233, and 
#24718, and were of different capacities. A Crosby steam- 
indicator #8427 was used for indicating the steam-engine 
and springs which had been checked for accuracy were used 
in it. A Weston voltmeter, double scale 0-150 and 0-300, 
#467, and a V/eston ammeter 0-300, #8891, were used for read- 
ing volts and amperes. A recording Bristol ampere meter 
0-150, #42, was likewise used for determining the input 
to tiie motors. The tiiree above mentioned electrical inr- 
struments were checked and calibrated with Weston Standard 
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Laboratory instruments, voltmeter #557, and ammeter #569, 
installed at the laboratory of the Northern Electrical 
Manufacturing: Company. A Crosby planimeter #2*^463 was used 
for determining the mean effective pressure shown on the 
steam indicator cards. All speeds were taXen with a stop- 
watch and a Starrett speed- indie at or. 

The tests on the different machines were made by driv- 
ing them separately by belts operated by one of the motors 
previously mentioned* For the purpose of driving some of the 
apparatus, it was necessary to use a /portable idler- pulley 
which consisted of an iron pulley 15" in diameter with a 
12" face. This pulley rotated freely on a well lubricated 
steel shaft which was fastened at its ends in iron brackets 
supported from the two sides of one end of 12* X IS" wooden 
beam. It was necessary to use this idler with some of the 
apparatus because the driving pulley ran with a part of its 
lower surface below the floor or below the framework of some 
of the machines. The r.p.m. of the idler was low and its 
power- input small and almost negligible, but in all cases 
was deducted from the motor output in determining the power- 
input to the various machines which were tested* 

The available space in the ordinary mill of a mining 
property for the placing of motors for testing purposes is 
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very limited; there is very little spare floor- space and the 
center of the floor must at all times toe left open for the 
free passage of the tmxoks for taking out the concentrates 
from the jigs. This made it necessary to elevate the 
motor atoove the floor, and in order not to interfere rith 
the ^-'orking operations of the mill, the motor was placed in 

position at night and kept there either all day or until the 
noon hour. The tests were therefore run either four or 

eight hours on all equipments in the mill. The tests of 
the hoist-motor were made for shorter periods. A number of 
tests were made on this motor toeoause considerable trouble 
had occurred in connection with this hoisting apparatus 
since an overrated motor had at first been installed for op- 
erating the hoist. The hoist-motor which was used during 
the test was one which had been permanently installed before 
this test was undertaken. V/hen the power- input for operating 
the Cornish Lift-Pumps was determined the motor was used 
which was permanently installed for operating these pumps. 
All of the motors which were used when the test was 
conducted were Northern direct-current motors. They were 
of the plain- shunt type, compound type, and compound inter- 
pole typ^. For determining the power- input to the motors 
the impressed e.m.f. was read on the voltmeter and the arma- 
ture amperes were read on the ammeter. The recording 
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Bristol ampere-meter vjslb lilcewlso connected in circuit with 
the armature current. This latter instrument only register- 
ed approximate amperes because the recording needle was not 
sensitive enough to record all fluctuations* The records 
from this instrument however were very useful when used in 
connection with the volt- ampere readings for the purpose of 
constructing the time- ampere curves which are included within 
the pages of this report. When those machines were tested 
which had fluctuating loads, readings were taXen very fre- 
quently during periods of fifteen and thirty minutes. During 
the tests on the other apparatus readings were not taken as 
often. At all the tests readings were taken throughout the 
entire periods of four or eight hours in order to discover ' 
the maximum peak loads. 

The test motors were variable speed motors and where 
it was tho^oght necessary the machines were run at different 
speeds, and r<=*adings then taken in order to determine the 
power- input required under such conditions of operation. 

For purposes of determining the motor-output or the 
input to the driven machines it was necessary to determine 
the losses in the motors at the speeds they were operated 
when driving the different apparatus. For the purpose of 
calculating these losses readings were taken of the input 
to the motor armature when same was running unloaded at the 
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speeds at which the armature was run when driving: the differ- 
ent apparatus. The input to the motor at these speeds less 
the o'^^r loss in the motor armature represented the losses 
for the different speeds due to '^inda^e and bearing friction 
and coi^^-loss. There was a very slight error in determining 
the motor core-losses in this manner, since the field excita- 
tion for the same speed when running light and y^hen running 
loaded was not the same. Such errors were Bo slight however, 
that for the purposes of this test the input as determined 
for the various machines tested represents accurately enough 
for commercial purposes the anount of power which will be 
necessary for operating similar apparatus. 

The equipment at the Empire mine was chosen for making 
a test because it represented an installation which was more 
complete than any in the district at that time and because 

the mill was well constructed and the main line- shaft was in 
good alignment, thus furninhing a group of machines driven 
under conditions representing a loss in friction which was 
not excessive. in the majority of installations throughout 
the entire lead and zinc mining district of Wisconsin the 
mill construction is not as substantial as was that at the 
Empire property, and in many instances it was evident from the 
vibration which was manifest when the mill equipment was being 
driven that the main line- shaft was completely out of align- 
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ment. A test with a steam Indicator at one of the largest 
properties in the district disclosed the fact that the power 
required for operating its mill was approximately 20f in ex- 
cess of the power which ought to have driven all of the ma- 
chines which were belted to the center line- shaft. inqui- 
ries from the engineer in charge of the plant afterwards 
brought out the fact that the ends of the two shafts, where 
they were connected together by means of a coupling, were 
aareral inches out of line when the two parts of the coupling 
were not bolted together. A line-shaft such as has been men-' 
tioned is in all cases supported by bearings placed on the 
tops of twelve or fifteen foot timbers spanning the mill- room 
aV distances of about ten feet apart, in this particular in- 
stance it was only ascertained that the shafts were out of 
line between two bearings and it is probable that many of the 
bearings were out of line since the friction-loss was so 
muc^i in excess of what it should have been with good align- 
ment of all bearings. When it in borne in mind that the 
horse -power -input to the standard mill is approximately 
sixtjr-five or seventy- five horse^ power, and that t^renty per 
cent of this represents thirteen or fifteen horse -power -loss 
which rnigh^ be occasioned by poor alignment of the support- 
ing bearings, it maj?^ readily be appreciated what the loss in 
dollars will be at the end of a month or a year in a mill 
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operating fifteen or sixteen hours per day. The results of 
this test disclose the fact that in such a mill as the Empire, 
where it was thought the conditions were good for econor.ioal 
operations, the friction-loss in the line shaft and belting 
nay be accepted as bein^j aporoxiruately twenty-five per cent 
or more of the horse power applied to said line-shaft. 

The mill equipment consisted of machines of the stan- 
dard type found throughout the Wisconsin district* Ninety 
per cent or more of the more recent equipments and the power 
and pumping plants in southwestern Wisconsin have '^een fur- 
nished and Installed by the Galena Iron Works. Little cri- 
ticism can be made of the Jig and crusher installations to- 
gether with the necessary screens and conveying elevators, 
because this part of the :ln:;tallation appears to work ef- 
ficiently and is put up probably as well as occasion de.r.ands 
and the money Invested pays for. The Mathey roaster, as it 
is called throughout the district, is also furnished by the 
above mentioned company and makes a satisfactory roast. Its 
efficiency could be improved with better and proper handling. 
The most important equipment at the miajority of the mines is 
the puii'p Installation. Some of the m.ines have installed 
underground, steam piston- pumps, and there are a few deep 
well plunger steam-head ptunps. For handling the larger 
quantities of water, however, the old fashioned Cornish 
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cross-head plunger lift-pimp Is ueed, and this type of ptunp 
has been installed at the majority of the nines. Its econoiiiy 
of operatioi. is nuch better than the underground steam-pimp, 
or the steam-head deep v^ell pump. Such a tyje pui:ip was in- 
stalled at the Empire ^nd it was of the geared type driven 
with a belt from a direct-current motor. 

Usually only two or three jigs are installed in the 
mills in the V^isconsin lead and zinc district. The Empire 
miine had five jigs, three of which had seven cells each, one 
had five cells, and the other four cells. Two slime-tables 
were operated at this property and there are only three or 
four other mines in the district which operate tables. Hoist- 
ing was done with an electric-hoist operating a buclcet lar- 
ger than the average bucket used in the district. A large, 
belted compound cor.pressor is employed at this mine for fur- 
nishinr air for the air drills, and piping is led fror: the 
engine-room for a distance of approximately V'^lve hundred 
feet before it descends underground for piping to tVe drills. 

In addition to the m.ine drainage-pumi)s already m.en- 
tioned, there is installed at every r.ill a pump for supplying 
the water for the jigs and the crushers. As separation of 
the ore from the broken rock is produced by the gravity pro- 
cess considerable water must be kept flowing along with the 
crushed mtaterial. For this supply the mine water 7*iich Is 
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first pur-:ped from the nine Is emptied into a pond and from 
here it is pumped into the mill and led into the jigs and 
other mac^iines. This water is used over and over again, 
flovring- back into the pond where much of the fine silt is 
deposited* For handling this water-supply a belted centri- 
fugal pump is used. These pumps invariably run at high speed. 
The silt does not appear to cause much damage, as the pvoiips 
to be seen in operation very seldom give evidence of any 
trouble. Such a pui::p was tested at the Fmpire, and the data 
will be found discussed further on. 

All concentrating mills operate with elevators for con- 
veying the broKen rock and ore to the different jigs and 
crushers. The average number ope^^ated is four or five. The 
tailings-elevator conveys the broken stone from the last jig 
away from the mill building, and for this purpose it is much 
hl^T-'-er Xrhan any of the others. V/hen the quantity of chat 
or broken stone? rhlch forr.s the refujse of the crushed rock 
accurr.iilates into huge piles, these tailings-elevators are ' 
built higher so that the stream of rock and v7L.ter may have 
sufficient slope to run off. Those mills which are fortui".ate- 
ly situated on the side of a slope require fewer elevators. 
At the Empire mine there were five elevators. Only one was 
tested which was a double belt elevator, as the pulleys for 
driving were up very high and not easily accessible on ac- 
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count of the nany other belts and shafts. 

A few of the Wisconsin zinc mines do their rook dril- 
ling; vflth electric rock drills at a great savlnpr of power. 
The majority, however, er.ploy either a "belted or steam-driven 
air-corapressor. At the Empire mine a larpje compound Ingersoll 
Rand belted compressor Is operated. Mc accirrate test was 
m&de upon it. An indicator-card of the engine was taken when 
operating: the compressor and the. hcrpe-porer-input determined. 
The number of drills which were connected up was known, but 
as the conrecting pipe line was over half a mile long, there 
was no plan available for determining how many drills were 
ope-^ating slnmltaneously. The compressor- input required for 
operating air-drills of different sizes is already ^^ell kno'^n, 
and therefore a test was not considered necessary at Platte- 
ville. 

liany of the mines have their own ftirnace-rooins which 
contain the roaster for changing the iron sulphide ore into 
an iron ore which has magnetic properties, in order that the 
zinc concentrates m.ay be rid of the iron ore by means of a 
magnetic r>eparator. The furnace room contains this separar 
tor and the necessary conveying apparatus and a small rock 
crusher for conveying the concentrates to and from the fur- 
nace and magnetic separator. The mmll crusher is used for 
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crushing some of the broken ore Into finer particles in order 
that It can be handled more efficiently by the roaster and 
separator. When roaster equipments are Installed they are 
operated by motors stationed in the roaster house in an iso- 
lated room. For determining the power- input to the roaster 
plant at the Empire, readings rere taken on the installed 
Lioto;; for electrical input tc it ano. deduction made for Iric- 
tion/and core losses for the speed it was operated at. 

At a number of the mines in the district other shafts 
than those at the mill room, are used for getting out ore 
from uiidergroui:d and sor.etii:es the miines operate both such 
a shaft and the one at the riill room. Beacuse such a dis- 
tant shr.ft would require a separate steam installation or a 
long inefficient steam line, electric pc^-er is used in them 
at the hoists, and the tram- way leading from the shaft to the 
mill is for like reasons operated by an electric m.otor. The 

Empire plant included such a tram-way and a separate motor 
is installed in connection with it for its operation. At 
some of the plants the hoist motor also serves to operate 
the tram-way, but where hoisting is done at a rapid rate such 
arrangements are not economical onec. 

The largest engine which the writer saw in the entire 
Vfisconsin zinc district is installed at the Empire plant. 
It is a Bates r!orl?:^.s IG X 48 equipment, end v^as practically 
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new -"lien c.e^rA. Its nxin belt ran over a pulley on a ^hort 
countershaft which was belted to a friction clutch pulley 
to the nain line-^haft. From the main shaft friction clutch 
pulleys also operated the compound belted conpressor and a 
100 K.\'!. Northern renerator. This generator supplied all 
electrical power for operating the motors installed. No 
test was made for power- input or efficiency of this dynamo. 
A number of indicator-cards were ta':en from the Corliss en- 
gine, and from this was determined the power- input to the line 
shaft for operating the mill as a single group-drive. 

After the individual Fiachines in the plant had been 
tested the precise power- input to all of them was added, and 
this sum subtracted from the input required to drive the 
equipment rhen engine driven gave a very close approximation 
of the friction loss in the line shaft and belting. 

There was also installed at the Empire mine a small 
slide-valve engine, Y^hich operated a belted 40 K.W. Nor- 
thern generator from which electric power was obtained dur- 
ing the hours v-hen the large engine was closed do^?m. There 
was no test made on this smaller electrical equipment. 

On the following pages there is a list of all the ap- 
paratus comprising the entire equipm.ent of the Er.:pire m.ine, 
with enough data to enable one to make comparisons with 
equipments in other parts of the Wisconsin lead and zinc dis- 
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trict. The Krnpire plant has a rated capacity of one hundred 
tons per ei^ht or ten hour shift. It is probable that by- 
speeding up the various machines more tons of rock than that 
stated can be run throuj?;h the mill, but such speed would 
probably not allow as good separation to be made in the jigs 
and wea-" and breakap:e would be increased very considerably. 
The furnace room with its sinj^le roaster is rated at a cap- 
acity of twenty tons of concentrates per twenty-four hours. 
At the present time there are one or two plants in the dis- 
trict which have installed two roasters, thus enablinp; the 
property to handle the concentrates from a one hxmdred ton 
mill 'when working two shifts per day. 
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STEAM EHGIHE TEST 

On sheet Ho.II are tracings of the steam-indicator 
cards and on sheet Ho. Ill is tabulated the data on the Bates- 
Corliss engine* 7hen the tests were made there was a misad- 
Justment of the clutch pulley controlling the generator and 
it could not readily have "been unhelted, and the engine run- 
ning as empty was indicated when running the generator with- 
out load. This condition is designated in the tabulation as 
'^A". ^en an indicator card had heen taken with the engine 
loaded thus, the mill was started and after it had been run- 
ning for forty-five minutes another indicator card was taken . 
Another card v/ith a similar load on the engine was taken sev- 
eral hours afterwards. The average hcrse-pov/er input to the 
line-shaft v;hon operating the mill equipment was 83.8 horse- 
power. The engine driving the unloaded generator and the 
loaded mill is referred to by the letter 'B" in the tabula- 
tion. The load referred to by letter "C" consisted of the 
unloaded generator, the loaded mill and the loaded belted 
compressor. The compressor load was throv/n onto the engine 
by means of a lever controlling a clutch pulley. The com- 
pressor was furnishing air for five 2-3/4 in. air drills when 
the indicated load on the engine was taken. If all five were 
operating simultaneously each drill registered 77.5/5 horse- 



power or 15.5 horse power. It is probable that less than 
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five drills were operating when the Indlcator-oard was tak- 
en^as a 15.5 horse power input to the compressor for operat- 
ing a 2-3/4 inch air drill is very low. 

The data on sheet I, referring to the input to the 
machines comprising the n:lll equipment which required an 
engine output of 83.8 horse power, indicates that an input 
of 63.21 horse-power will operate the same if there "by no 
friction in the transmission syst^ia. The difference be- 
tween 83.8 horse power and 63.21 horse power represents a 
loss of 20.59 horse power which was occasioned by driving 
the equipment from the line shaft. The tests on the differ- 
ent machines when motor driven and when driven from the line 
shaft vere made for similar conditions of operation; the 
same grade of rocX and ore were being milled and the tonr- 
nage was approximately the sar;.e. Every miachine was tested 
by being motor driven, except Bome of the elevators and 
these are so nesTly alike and run under such similar condi- 
tions that the calculations for their horse- power- input close- 
ly approxim.ates the exact power- input. 

A loss of 20.59 horse power in transmitting power to 
a system vrhich requires only a 63.21 horse po^er input re- 
presents a loss of 32.5 per cent, or if 83.8 horse power is 
required to operate a plant by belt drive from a central 
shaft line, a Iocs of 24.5 per cent of such amount is Indi- 
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cated l3y these figures as belnp; lost In belt and shaft fric- 
tion. 

The line shaft v^hlch drives the equipi:;ent which was 
tested Is approximately sixty-five feet lon?^, and is the 
average length of the shafts in the other plants* As stated 
before they turn about in bearings which are placed about 
ten or twelve feet apart. Their speed in r.p.rn. is low and 
the same averages about one hundTed ninety or two huii^lred 
revolutions per minute. Each shaft carries a dozen or more 
wood and iron pulleys. And about them run rubber belts 
eight and ten inchcB wide. On either side of the line shaft 
and from eight to twelve feet below are the jigs and crush- 
ers and centrifugal pump. Likewise on either side, but some 
distance above are situated the pvJleys which operate the belt 
elevators. The belt pull is fairly evenly divided on both 
sides of the line- shaft and the large losses in friction are 
not a result of imeven pull. Some of the belts are quite 
long and the belt tension is in most cases too great. As 
none of the separate machines require a greater input than 
eight or nine horse power, it is not necessa?ry that the belts 
be as taut as they are. Wlille the speed is quite low, yet 
the belts are si;fflciently wide to easily transmit sufficient 
power when not stretched as taut ao they are in all the mills 
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r:.ich the writer has visited. In a nuraoe-^ of places it 
took several nen^and one yrielded a crowbar, to taKe off from 
a pulley an eijrht inch wide rubber belt not over twenty-five 
feet lonfy. This taut belt tension is the cause of larjp;e 
friction losses, and it also results in wearinp; out the 
belts in rnuch shorter periods than they would wear out, if 
they were run with more slack. 

Indicator cards taKen on the mill engines in two other 
places also indicated that the frictional losses in the belt 
dTlve were very large. It has been the experience of inves- 
tigatinr^ engineers that large proportionate losses occur in 
friction losses in all systems wliere much shafting and belt- 
inrr is employed in driving machinery. Such losses are Iniier- 
ent in the transmission systems in those m.achine shops where 
drive by belts and shafts is still practiced. In the shops 
there are nui/.bers of line shafts and counter- shafts with 
their driving belts. In the mills on the mining properties, 
however, there is only one central shaft and no count er-shs ft 
and the losses need not be as large as those found where 
tests have been made, if more care were taKen in installing 
the line shaft and its belting. At one plant indicator-cards 
^:h0Ted that sixty-five per cent of the power input neces- 
sary to ope-^ate the m.ill equipment was nece^ssary to operate 
the same equipment without rock or water passing into or out 
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Of the machines. Proper aligni;.ent of all nachlnes and all 
shafting on the different machines T7ill also result in very 
much lov:crlni^ t]ie required poY^er-input for operating many of 
the equipments in the mining plants in southrestern Y/lscon- 
sin. 
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FURNACE ROOM -EQUIPIIENT TEST 

The roaster equipments in the lead and zinc district 
usually have a separate laotor installed for operating the 
plant. Such methods of operation have proved very satis- 
factory. The roaster plant is more conveniently located 
at so:;ie distaiice fron tiie mill and the motor drive over- 
comes the necep>sity of transmitting with a long shaft-line 
or rrlth rcpe transmission. In some instances a separate 
steam power plant would he the most economical drive if 
the motor system could not be employed. There is always a 
large amount of dust in the air ^'lien roasting is being 
done and motors are usually protected as much as possible 
from such unfavorable conditions by being stationed in a 
small room set off in a part of the roaster room. Such rooms 
are not dust- tight, but if the door communicating with the 
furnace room is kept closed arid the windows to the outside 
Kept open, the running conditions for the motor may be Tiain- 
tained q-aite satisfactorily. At present direct- current 
motors only have been used for operating these plaiits in 
v;isconsin; when alternating-current motors are used it will 
not be so necessary to keep the dust from the motor. 

At the Empire plant a Northern, shunt motor, # 18283, 
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1200 r.p.m. said rated at ty;enty horse power, was belted to 
the line shaft driving the equipment for roasting the ore. 
Ail of the iT.otors which were seen in operation in the dis- 
trict for this service are too large. Many of them are 
twenty horse power Liotors and in one instance a twenty-five 
horse poorer motor had been used for operating a standard 
roasting equipment, such as was installed at the mine where 
this series of tests had "been made. 

A niamber of readings were taken on the above motor 
while the roaster plant was operating under normal conditions. 
The input to the equipment was determined by deducting the 
c r losses and the frictionaland core losses of the motor 
from the total input to the motor. The average input to the 
furnace room equipment was in this manner found to be less 
than six horse power. At other plants the input to the var- 
ious motors examined while operating roasting plants was be- 
tween seven and ten horse power. For the purpose of ob- 
tain:^".ng economical operation of such roaster equipments as 
are beinj* discussed, motors of a capacity not larger than 
ten horse power ought to be installed. Perhaps there are 
momentary overloads for short periods, when p'arts of the 
machinery become clogged in soir.e manner, but since standard 
motors can o-oerate with safety under a fifty per cent over- 
load for thirty mdnutes, and under a twenty-five per cent 
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overload for two hoiirs, motors of ten horse porer capacity 
rould te sufficiently large to operate these plants. . In 
a small ni:mber of Inr^tances two furnaces have been installed 
in the roaster roons and the auxiliary apparatus has also 
been likewise added to, and for such iniallatlons motors of 
;;reater capacity should be installed. 

The test above mentioned was made Y/ednesday afternoon, 
April 8, 1908, and the roaster equipment was being operated 
night ano^ day and was worKlng at a rate approximatinr 
twenty tons of ore per twenty-four hours. 

The above stated input did not include the energy con- 
sumed in the operating magnets. The Cleveland magnetic 
separator is the type used in the large majority of the 
plants in the district. This type of separator employs 
several revolving circular magnets above a conveying belt 
vrhich carries the roasted ore. As the iron ore Is attrac- 
ted to these magnets and adheres to them it is scraped off 
by leather or brass scrapers at a place beyond the ed^e of 
the carrying belt, vrhere it falls down and is wheeled away 
or disposed of in some other manner. The cu?:Tent to the 
energizing coils is regulated by r.eans of a variable re- 
sistance. 
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CENTRIFUGAL PmiP TEST 

A Ho. 5 centrlftigal piamp vrhich was operated in the 
mill by a belt from the line shaft vras nin by a Northern shunt 
motor #22689. The pump was run at the speed at which it is 
normally operated. According to Professor D. W. Mead's fo?>- 
mula for the proper peripheral speed, the said speed was too 
high by 93 r.p.m., and it is evident from the low efficien- 
cy obtained tliat the purap is not adapted for the service 
which it is performing. The operating head is a low one, 
and If a proper pump of this type were chosen for the dis- 
charge indicated a very much better economy of operation 
would result. 

For determining the number of gallons of water dis- 
charged a weir-dam was constructed and the water was dis- 
charged through it after being elevated to the proper head. 
The test was run just after the shut-down of the mill and 
the water pumped contained the same approximate amoimt of 
silt irhich the water held during operating conditionc. A 
gallon of this water was weighed and there was nine and one- 
half pounds, shoring there was 1.2 pounds of silt in every 
gallon of liquid han^Jed by the pump. A nurr.ber of readings 
were taken for the electrical in::ut to the motor and for the 



Digitized by 



Google 



Digitized by 



Google 



23 



quantity of water discharged. From the motor input w b de- 
ducted its total losses and this result divided into the 
rater horse power or the 6utput of the pump figured for the 
discharge head gave the efficiency of operation. The dis- 
charge head included the loss due to friction in the suction 
and discharge pipes. The average efficiency as indicated 
inthe tabulation is 34.9 per cent. There is no reason why 
a centrifugal ptor.p of more than twice this efficiency cannot 
be chosen for this service. 

It i8 probable that the majority of these pir.ips which 
are at present installed In the other mills for sim.ilar duty 
a-^e about as inefficient. They appear to be rui-ming at too 
preat a speed and since m.any of them have been installed 
by the saiae concern it is probable that the same error has 
been made when installing them.. This test was m.ade at the 
company's mill Friday morning, April 17, 1908. 
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TEST OF TRAJ.IWAY HOIST 

V/hen determining the poorer required for operating this 
car hoist it was necessary to ta3.ce readings of the volts 
and armature amperes of the motor permanently installed while 
operating the hoist, and to taJce similar readings for in- 
put to this motor vrhen running ej:pty at the same speed. In 
order to taKe no load readings it was neces.^^-.ry to ungear 
the motor from the hoist drum which wound up the cable fast- 
ened to the car. The efficiency of the hoist was not cal- 
culated. This factor depends upon a niir^ber of conditions 
which change daily. The alignment of the tracks, the ar/ioimt 
of lubrication on the gearing, cable and car-wheels, the 
condition of the rails as affected by rain and sunshine, and 
the wind pressure, all influence the power ini.^ut required 
for operating sv.ch a system. The tramway at the Empire 
mine is used for conveying the rock hoisted from the shaft 
do^rn a slope to the mill. The car which conveys the rock 
holds three buckets of such stone and runs do^n a slope im- 
pelled by gravity. vmen there is a strong headwind the 
cars sometime become stalled. Ordinarily only enough power 
is required to pull the empty car from the i;.ill up the slope. 
Som^etimies however it has been necessary to pull up a loaded 
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car and the time required to make either haul and the motor 
output necessary for such duty is indicated in the tabula- 
tion. Protably the averag-e efficiency of s similar trair.T/ay 
hoist is about fifty per cent. Friction losses amount to a 
la-'^ge proportion of the load, and if the speed much exc^:ed- 
ed that shovrn the required input for operating the car would 
be considerably more. 

In some of the plants where tramways are used for 
similar purposes one motor operates both the buclcet hoist 
and the trar^way car. The time required for hitching and 
■unhitching the cable and making other alterations in som.e of 
the adjustments is hcTever considerable, and where moderate 
speed at least is demianded tv^o motors should be employed. 
Some of the tramiTfrays in the district are operated by steam- 
engines installed in the loft of the hoist houses, but in 
these cases, as also where bucket hoists are operated, there 
is alv^ays occasioned violent shaking of the entire fram.e- 
work. 

The motor installed for ope:^atinr>' this trar.^ay ho^st 
was a Northern fifteen horse power compound machine, and as 
indicated In the tabulation is at least fifty per cent lar- 
ger in capacity than it need be. A se^en and one-half horse 
power motor with the standard two hour, fifty per cent over- 
load capacity characteristic would be sufficiently large far 
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operating such a hoist. The total horse poorer hours input 
to a hoist motor is usually sr.iall because they are only op- 
erated for short periods. Y/liere, horever, nachines are op- 
erated for long periods it is an irnportaiit consideration to 
have motors of the proper horse power rating installed in 
order to have them operate efficiently. There are r:;any 
instances in the district where the motors which are instal- 
led are mucli too Ip.rge in capacity and these are coi.sequent- 
ly operated at rouch less than full load anl therefore not 
economically. The serial number of the machine operating 
the tramv^ay under discussion is #16143 and the readings were 
talc en \7ednesday afternoon and Saturday morning, April 15 
and 13, 1908, and the data referring to this test is tabit- 
lated on Sheet VI. 
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SLIME TABLE TEST 

On Sheet VII is tabulated the data aiicl details of an 
input test for the operation of two slime tables installed 
at tlie Empire mine. The tables were manufactiired by the 
Hendy Machine Company of San Francisco, and they are tlie 
only ones of that firm's maniifactiire seen in the district 
by the writer. There are very few tables in operation in 
the district. There is some prejudice against their em- 
ployment in the district, and this fact is probably due to 
their efficiency as money makers not being appreciated. Their 
power consiLmption is very sTAall and the attendance necessary 
to operate them is likewise not large. In some of the mills 
there is considerable fine ore goin^ to waste and much of it 
can be saved by the use of these tables. 

At the Empire m.ine the two tables were installed in a 
room separated from the equipment at the m.ill. They were 
operated from shafting driven frori a belted motor v:hich also 
furnished power for a centrifural pmnp. ,In determining the 
power input to the tables a smaller cai^xicity liorthem motor 
than that one which was permanently belted to them was used. 
The output of the m^otor was deten.iined as in the previous 
tests by considering the m.otor input and the losses in the 
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ir.otor. Motor # 25369 vras uaed for the test T>rhich was nade 
Thursday r.iornln;'^ and Prlda^'' afternoon, April 16 and 17, 
1908. 
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BUCKET HOIST TEST 

Sheet No. VIII contains all data relative to the de- 
tails of construction of this hoist and motor "afi^ed for this 
test, and also tlie readinf^s for pov/er input, and curve sheet* 
Ho. I shors a nunToer of curves dravrn with respect to the 
armature ai;:pere current of the operating- motor and the hoist 
horse porer input and tir:e in seconds. 

V" en the test of this hoist vs.s ^Tl:dertal^'en ccr.sider- 
ible effort ^as made to obtain as ruch infcrr:ation regard- 
injT the constructj. on of the tj^araturj siid the exact -jO^^er 
requirements as por^sible, 8nd the r.ature of the load res 
lihe^"ise to be determined vrith considerable accuracy. The 
Northern Electrical Manufacturinp^ Company had furnished a 
motor for operatin;;^ this heist, and tvo or three armatures 
had been burned up ^hen cperatinr it. After several at- 
tempts had been made to have the motor operate properly it 
T7as discovered that a larger motor had been intended for • 
that hoist than was geared to it. The motor tested as 
shorn by the data referred to was 1j^ larger capacity motor 
and was sufficiently large. A voltmeter was used for de- 
termining the Impressed voltage and an ainmeter was connec- 
ted in the armature circuit as was also a Bristol recording 
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ammeter. Numerous readings on the portable ammeter were 
noted, and these were checlced with the record left on the 
dial of the recording Instrument. These readln^rs and trac- 
ings combined with the voltmeter readings furnished suffi- 
cient data for constructing the curves, as shorn on curve 
sheet Ho. I. BucKets were being lifted at the rate of 
two hundred and forty per eight hour shift. The total lift 
was one hundred and sixty eight feet, which was the distance 
from the bottom of the shaft to the top of the car, at the 
hoist platform, into which the rock was emptied. The aver- 
age time taken to lift the bucket this entire distance was 
seventeen and one-half seconds and this average was obtained 
by comimtlng a large number of readings taken on a stoj)- 
watoh throughout the day. The size of the buckets operated 
in the district vary somewhat. At the Empire a large bucket 
was operated and the overall dimensions were thirty and thl3>- 
ty-two Inches, the latter representing the height.. The 
empty bucket weighed two hundred pounds, and the total weight 
of the cable with which the hauling was done weighed one 
hundred and two pounds. Only one-half of the cable's weight 
was used to determine the total weight of lift when comput- 
ing the foot pounds of work performed. L!uch guessing is done 
at the different mines fo-^ determining the rock capacity of 
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the hoist bucket r>, and vrith the sane size bucket the ^^elpht 
of Its contents varies greatly, 077ing to the difference in 
the nature of the rock and its ore contents. At the Empire 
nine it had been sttoposed that the average weir^ht of rock 
hauled per buc'cet approximates tvrelve hundred pounds. A 
scale '57as taken to the shaft house and throughout several 
days every tenth haul was weighed. The naxinun weight of 
a can of rock approxinated sixteen himdred poundc -n^. th-^ 
average weight of rock hauled throughout the tine that 
weights were taken was fifteen huiidred pounds. A differ- 
ence of two or three hundred pounds per bucket lifted nakes 
a decided difference in the records of the tons of rock 
run through a nlll in a days n^n, if the number of buckets 
lifted is tiken as the guage for the run through the equip- 
ment. 

The weight of bucket, its contents, and the cable, 
nultlplled by the lift in feet, and this product nultiplled 
by the nunber of cucii liftc rr.de per minute furnished the 
figures represented in the foot pounds per minute output of 
the hoist. The output of the motor was determined as has 
been explained previously for the other tests described. 
The motor was ungeared from the hoist for obtaining readings 
for determining the core losses and losses due to friction. 
The efficiency obtained for the operation of the hoist av- 
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eraged 94.3 per cent. This figure seened high to the wri- 
ter and for that reason a number of different sets of readings 
were talc en and average-- vrlth approximately like results. The 
efficiency of a bucket hoist Is high because the moving parts 
travel slorly, and the total friction is consequently very 
little. A num.ber of incline car hoists are employed in the 
district. Thenars have a capacity of about three large buc- 
kets, and the speed at which the cars are pulled up is about 
the same as that of the bucket lifts. For the same amount 
of rock haulage the input in power to the bucket hoists 
would be very much less. There is always an excessive amount 
of friction to the average Incline hoist at a mine, due to 
dragging cable and dirt on the tracks, and the conditions of 
the track and car-wheels, and bucket hoists. can be more econ- 
omically ope-^ated. At one of the mines in this district the 
bucket hoist is operated without any signals i.^assing between 
the hoistman and the man below. In all other plants visited 
signals were given by a rope and bell. 

The rating of the motor which was geared to the hoist 
rt the Empire mine at the time this test war: riade was forty 
horse power and it did not heat excessively ^hlle operat- 
ing at the maximum output for the liolst and hoistr.an. Since 
the test was run thio motor has riven trouble due to the 
armature burning out. It was ope^^ated by an incompetent man 
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however, who always left one notch of the starting: lever on, 
while chanjres of buckets were beinp; made -underground. In 
this manner this operator gained some in the time that it re- 
quired to put the hoist into motion, hut it proved to be 
very disastrous to the motor, since it caused the arm.ature 
to overheat because it maintained a constant flow of cur- 
rent through the winding. Since a new man has bee:i hired 
for operating the hoist no more trouble has occurred with 
this motor. 

The curves for hoist input on curve sheet No. I Illus- 
trate the variation of load on the motor. At start a mom- 
entary peakload is thrcrn on which averaged about 51.5 
horse power, but directly following this pealc it is sh07Ti 
that the load on the motor and the input to the hoist aver- 
age safe running conditions for the motor. Som^e variation 
in input to the hoist is indicated by the different curves 
and that is 6:ae to the unlike weights of rock hauled. A slight 
change in the time required to haul up a bucket is also in- 
dicated. This is due also to the changes in amounts of rock 
hauled, since the motor had a compound winding and consequent- 
ly slowed down slightly with increase of load. 

The operating motor was a Northern compound wound box 
or crane type machine of forty horse power rating at two 
hundred twenty volts, and operated normally at four hundred 
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r.p.m. It was preared directly to the [tear on the hoist 
6Tom, and the entire equipment is probably j^ivlng better sei>- 
vlce than any other hoist in the district; and It certainly 
is operated with a much better econoiay than the stean hoists 
as the hli:>;h efficiency indicated in the data is never appro- 
xinated by a small steam driven hoist. The final test was 
made on this hoist on April 18, 1908. As already stated 
readings of the motor volts and amperes and likewise read- 
ings for sp':;ed of bucket lift and ^"eir*hts were talcen through- 
out a period of several days. 
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TEST OF FIPTEEH INCH JAW CRUSHER 

Phere Is only one mining company In the Wisconsin 
zinc district ^hlch ope-^^ates its jaF crushers Fith elec- 
tric porer. At the Ollie Belle Mine, near Benton, the jan 
crusher and the roll crushers are driven from a shaft 
which is belted to an electric motor. Other apT)aratus Ic 
also driven from the same shaft and readings for the jaw 
crusher input are not indlcate^l on any of the connected in- 
struments. When the tests were to be made on the crusher 
at the Empire Mine a motor of a much larger capacity than 
was required was belted to its driving pulley, because it 
appeared that the power taken for operating this crusher 
woiild approximate ten or fifteen horse porter. The manager 
and the superintendent of the mine were of the opinion that 
the power requirements would be a bout as stated above. We 
were all considerably surprised at the small average power 
input to the crusher. This crusher was normally operated 
by an eight inch rubber belt very tightly drawn over the oiv- 
erating pulleys. The jaw speed and the pulley speed was 
normally three hundred ??.nd thirty r.p.m. , and if provision 
can be made for overcoming the high peaKloads whlcii occur on 
this type crusher it could be operated with a much lighter 
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and narrower belt. The speeds of similar crushers through- 
out the district approximate the ?.peed of this one. Durinr 
the test the crusher ^as operated at a speed of three hundred 
and fifty r.p.m. , as indicated on Sh/et VIII, and this speed 
Tras apparently too hlpch, as the operator complained that 
it did not rrork as well and that the rock was throm up from 
between the jaws. 

On Sheet VIII are s^.o^^l the readings and calculations 
and the conditions of operation of this crusher when under 
test. Thrrlnfr the shift that the test was made, ninety-seven 
tons of rock were run throu.n;h in nine hours. Curve sheet 
II contains a curve plotted with respect to armature amperes 
of the motor and time and crusher horse power input and time. 
The curve was constructed to correspond to thetracing on 
the chart of the Bristol recording ammeter, and checked by 
volt and ampere readings on the portable instnanents connec- 
ted in circuit with the motor. If a longer curve had been 
platted it would appear very sir.ilar to repetitions of the 
one plotted. Vixen running at normal speed the average input 
to the crusher vras 3.5 horse power. The peakloads indicated 
eight horse power and fifteen horse power input, but these 
loads were only momentary ones. They were caused by very 
large rocks and by much fine material clogging between the 
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jaws. Probably ]..ore water fed in Trlth the Tock would have 
modified the excessive loads occasioned by clogging by-^^ne 
material. All peaks could be modified very materially by 
putting on heavier flywheels on the shaft of the crusher* 
This crusher and others in the district have one or two fly- 
wheels on their shafts. The speeds cannot be increased for 
the reason already stated, but the flywheels can be nade 
larger and heavier, and undoubtedly many of the peaks indi- 
cated on the curve could be overcome by such alterations* 
These crushers a:^e inr-talled on foundations made of timbers 
which elevate the crusher eight or ten feet above tlie floor 
in order to provide a fall for the crushed rock. Many of 
the timbers in the different mines which form such founda- 
tions are already very unstable and these conditions result 
very likely in a large measure from the uneven loads on the 
crushers. These resulting periodic belt strains also have 
much to do in causing excessive line shaft friction, as they 
soon result in vibrating the bearings out of alignment. 

On the left m.argin of the curve sheet the armature 
amperes are plotted and equal increnents of distance repre- 
sent regular additions of armature current. On the right 
margin the horse power input is noted to correspond with the 
armat^jJTe ampere input. The horse power input does not vari^ 
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regularly however rrlth the increnents of distance, because 
some of the losses in the motor change as the square of the 
current. Tills has "oeen mentioned here because a better ap- 
pearing curve could have been constructed If the horse po^er 
input had been plotted In equal Increments as ordlnates but 
by adapting this method the same curve has been made to re- 
present both armature ampere Input to the motor and the 
horse power Input to the m.achlne under test. Some of the 
other curves for the test described In this paper have 
been similarly constructed. The plotted curve m.entloned re- 
fers to the motor and cruslier Input when the latter was oper- 
ating at a speed of three hundred thirty-seven r.p.m. Its 
normal speed was three hundred thirty r.p.m., but when the 
motor was used for the test one of the contact points on Its 
starting box had become out of order and It was net put Into 
good order imtll the test had been about finished. 

A Northern m.otor #23411 was use^i for operating the 
crusher for this test, and It was belted directly to the pixl- 
ley on the crusher. The test was run on the morning of 
April 10, 1908. 
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TEST OP THE NO. I ROLL CRUSHER 

Directly imder the trough leading: to the jaw crushers 
are located rolls for crushing the broken material into 
smaller pieces. Usually there are a nimber of other rolls 
which again crush the rock into yet finer particles. The 
crusher rolls which receive the material from the jaw crush- 
er are designated as No. I rolls; they do not differ in de- 
sign from the rolls which handle the material from them. 
Sometimes the two rolls which do the crushinr are driven in 
unison by two large star gears, but very often the one roll 
is driven and the other revolves, owinft to the friction from 
the rocA passing down between them. 

Sheet No. IX contains a tabulation of the readings 
and determinations of the power in::ut for the test of this 
roll, and at the left of the tabulation is noted the runr- 
ning conditions of the crusher. Curve sheet No. Ill contains 
a curve plotted from the determinations on sheet No. IX. 
This curve has been plotted with armature amperes and crush- 
er horse power inputs as ordinates, and time in seconds as 
abscissas. It will be seen that the average horse power 
in")ut is comparatively small, it being 1.94 horse power and 
that there are a larp:e number of peak loads, the maximum of 
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which equal 5.9 horse power. These rolls move very slowly 
and such pealcloads are Inherent with slow speed machines 
when handling such Irregular material, as uneven broKen 
roclc. All crushers of this type In the district are slnh- 
llar In design to the one at the Empire, and the heaviest 
moving; parts are the la-^ge gear wheels driven from the pinion 
on the shaft with the pulley. The gears run very slowly and 
they Impart practically no flywheel effects to the driven 
rolls. The driven pulleys operating these crushers revolve 
much faster than the gear wheels, "but they are much ligh- 
ter. The pulleys should be designed for flywheel capacity 
and a much more imlform power Input would be required to 
operate the crushers. A similar curve plotted under simi- 
lar conditions of operation, but with the suggested change 
In the design, would be much more regular, and the pealc 
shown on curve sheet No. Ill would be greatly modified. 

For operating the crushers during this test the motor 
was placed In position on the floor of the mill and a belt 
was run over the pulleys of motor and crusher, but an Idler- 
puliey was necessary as the pulley on the rolls extended 
several feet below the floor. V/hen determining the power 
Input to the crusher the motor losses and the friction 
losses occasioned by the Idler were deducted from the elec- 
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trical Input to the motor. The curve was dram from the 
readings of volts and amperes taXen on the portable Instru- 
ments, and similar to tlie curve traced upon the chart of the 
recordin,*?: aix:eter. Motor # 23411 made by the Northern Elec- 
trical Man-^jifacturin;^ Company ^as used for operating the crush- 
er. The test was made on the morning of April 19, 1908. 
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TEST OF CHAT ROLL CRUSHER 

This crusher resembles No. I crusher in design, tout it 
differs from it by not having the star gears mentioned in 
the description of No. I crusher. One roll of the chat 
cr'asher rotated the other by friction* 

Sheet No. X gives the data of the readings and the de- 
terminations for the input to this crusher. At the left of 
the sheet are shorn the conditions of operation. This crush- 
er handles much finer material than do the No. I rolls and 
the same is fed in automatically. In addition to this feed, 
tlie mill men feed int-^ it some of the material separated 
"by the Jigs and the readings were taken under both condi- 
tions. Two curves are platted on curve sh^et No. IV from 
the data given on the sh^et above mentioned. The curve 
drawn in red represents the rolls at a speed above the normal 
speed of rotation, and the curve drawn in blacK represents 
the rolls working at the normal speed. These curves resem- 
ble the curve for the No. I roll crusher and the discussion 
of No. I roll crusher applies to the chat roll crusher. The 
same m.otor was used for the test as for the test of Ma. I 
crusher, and the test was made on Wednesday morning, April 
8, 1908. 
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When the tests on both orushers were made approximate- 
ly ninety tons of rock were being: milled in the nine hour 
shift and the percentage of all ore contents averac^l 16. r. 
T)pr cent. 
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TEST OF A DOUBLE BELT ELEVATOR 

The test en this "belt conveyor T7as made on SatiJiTday 
morning, April 11, 1908, and the mill run out ninety-eight 
tons of rock which averaged 14,3 per cent of ore contents 
during the nine hours shift. The Empire mill operates 
five elevators and this was the only double one. 

Sheet Ho. XI gives the readings of volts and amperes 
and the determinations of povrer input as well as the speeds 
of operation and the carrying bucket capacity of the belt. 
The carrying capacity was taken as one-half of the cubical 
contents of the buckets, because they never appeared to be 
carrying amounts of water and cruslied rock varying greatly 
either way from this amount. . Several curves are nho^n 
on curve sheet No. V and each is for a different speed of 
operation in feet per minute. The curve in red represents 
the elevator operating at the normal speed. All these curves 
show a number of peakloads, the cause for which coijJd not 
be ascertained. They might have been caused by irregulari- 
ties in the pulleys over which the belts ran, or they miP^ht 
have occurred owing to irregular feeding I'roin the other ap- 
paratus in the mill. These conveyors have little momentum 
and flywheel capacity cannot easily be applied. The power 
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Input Teqvlxed for their operation Is small and very little 
economy or advantage coixld "be plained "by maklnn them operate 
vrith a more r'^.f^ular porer inp\:i.t. The porrer required for op^ 
eratlng these conveyors varies In a certain dep;ree rlth their 
carrying capacity and speed, and the upper straight line 
curve Is plotted from four readings at different speeds. The 
revolving Iniclcets occasion considerable air friction, and at 
h^gh speed this clrcimstance rould be an Important factor In 
effecting the operation of these elevators. The speeds at 
which such conveyors are run represent approximately the max- 
Inim, since at higher speed they splash considerably. The 
customary belt elevator Installed In the mines does not con- 
svune n:uch power and probably two and one-half horse povrer 
would be all the power required to operate one. When deter- 
mining the total horse power Input to the complete mill 
equipment at the Empire, the top curve was used for such com- 
putations, and results were obtained which appeared to the 
writer to be satisfactory. It Is not Intended that any such 
method should be used when figuring on a mill equipment of a 
po^er input, because an approximation could be made more easi- 
ly. Such elevators are not well located for individual 
motor drive, and for operation by separate motor drive the 
only practical method to adopt would be to group them so as 
to operate all of them by one motor. Sometimes the tall- 
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Ings elevator Is isolated and of considerable hei(?Jit and 
with such a problem to solve an individual motor drive 
nip:ht be well applied* 
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TEST OP MATHEY JIGS 

The majority of jigs in the district have recently 
been installed by the Galena Iron Y/orks, and may be desig- 
nated as the Mathey type, since they have been introduced by 
Mr. liathey, president of the above coiapojiy. Tiiese jigs iiialce 
a very p;ood ore- separation by the gravity process. They are 
built up customarily T^ith two inch by four inch timbers and 
along the center of one-half of the division of the top is 
run a steel shaft supported by bearings on either end and at 
the cell-divisions. From the shaft are ox^erated a number of 
plungers made in the shape of square areas of one Inch 
boards, fhe plungers are given an up and down motion by ec- 
centric connections to the shaft. Owing to the light struc- 
ture of .the jigs the shaft soon gets out of allgnrxent and 
there results a large friction loss. Sheet No. XIII and 
curve sheet No. VII rive readings and determinations of power 
input and show a curve for the sander-jlg operatinp; unloaded 
or without any water In the cells. It will be seen from 
these sheets that the friction losses amount to more than 
fifty per cent of the power input required for operating the 
jig under vrorking conditions. Such power loss is constant 
and continues many hours per day. It would therefore pay a 
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mine management well to keep such shafts and moving parts 
In the best of order so as to keep friction losses at a min- 
imum. 

Curve sheet No. VI and sheet No. XII contain data and 
curves relative to an input test on a seven plunger sande3>- 
Jig. Only four plungers were operated from one belt and 
consequently only four were tested, but the power input to 
the complete jig was oaloixlated from the results obtained 
from the test of the four plungers. On curve sheet No. VI 
the red curve refers to normal working conditions of the 
jig and reading No. 8 on sheet No. XII refers to similar con- 
ditions of operations of operation for this jig. All curves 
for the various speeds are practically uniform, indicating 
that the required power input is very constant. On curve 
sheet No. VII and sheet No. XIII, the curve in red refers to 
normal working conditions of the sander jig, and reading 
No. 7 refers to the data for such condition of operation. 
Likewise curve sheet No. VIII and sheet No. XIV show the 
curves of armature ampere input to the motor operating the 
five cell sludge jig, and the data and determinations of the 
power input. Likewise the cur^e in red is drawn with refer- 
ence to data obtained for the normal working conditions of 
opei^ation, and readings No. 8, 9, and 10 refer to like condi- 
tions of operation. 
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All the curves show that the loads on the jigs are imi- 
form. One of the curves on curve sheet No. VIII also In- 
dlcates that the friction load of the sludge jig Is nore than 
half of the full load. 

For each of the jigs the total horse power input per 
plwiger is calculated as well as the input per square foot 
of plunger. The calculations are also carried further and 
the power input per unit of area of plunger^ per unit length 
of stroke, and per unit of speed, can be seen tabulated. 
These calculations were made for the purpose of determining 
if there were constants which might be used for deciding 
the power input required for operating jigs of this construc- 
tion. My figures indicate that there are, but the curves 
may furnish sufficient information for determining such 
data, since they are drawn for various speeds of opt>ration 
and the sizes of plungers used on the three jigs are nearly 
standard throughout the district. 

When the test were made, approximately one hundred tons 
of rock were being jigged per nine hour shift. The amoijunt 
of rock in the jigs will however affect the power input nec-^ 
essary for operating the jig a very little, indeed, if at 
all. The friction load being as already stated more than 
one-half of the entire load, the balance of the load will 
depend principally upon the amount of water displaced by the 
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plungers and likewise upon the friction occasioned by the 
water surrounding the plungers. 

Because the mill was in regular operation when these 
tests were conducted, considerable delay and annoyance would 
have been occasioned if it had been atteiupted to change the 
length of stroke of the plungers, but it is very probable 
that alterations of the length of stroke of these plungers 
^ould change the power input. The data in the tabulation 
includes some results obtained by using the length of stroke 
as a factor effecting the power input. 

Th'^re is no doubt in the ninds of such mine superin- 
tendents as have thought intelligently about the subject of 
speed variation of the jig plungers that much economy ^^ould 
result thereby. Different grades of rock and varying percenr- 
tages of ore and different sizes of crushings all require 
different speeds of plunger operation in order to produce the 
most efficient results at separation. In the Wisconsin dis- 
trict no atterapt has been made to operate the jigs in this 
manner and it would be impossible to do so with the present 
installations as they are all driven from one line shaft and 
a speed variation of one machine woiad result in a like 
variation in the speeds of all the other apparatus. If 
each Jig were driven by a separate variable speed motor 
such conditions coiUd be maintained and individual motor 
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drive would undoubtedly be very satisfactory for jig opera- 
tion. 

All of the above tests upon the jigs irere made vrlth a 
Northern motor #25369 on April 6, 7, and 14, 1908. The idler 
pulley which was used when testing the crushers was used 
when making; tests on the jigs, and the friction losses occas- 
ioned by the idler pulley were deducted from the motor out- 
put for determining the power input to the jigs. 
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TEST OP THE EIGHT INCH CORNISH CROSS HEAD LIFT PUMPS 

There is no other machine about a mine upon which the 
future of the mine so much depends as upon the pimps for 
keeping the -underground workings drained. Many of the Wis- 
consin zinc Lxlnes are close.; down to-day because the pumps 
which were installed were inadequate to handle the water, or 
because the pum-os were defective in design and material, and 
because the expense of pumping could not be borne by the com- 
pany. 

The most satisfactory pump which has been used in the 
lead and zinc mines in Y/isconsin is the old-fashioned Cornish 
lift pump. Vlien such a mimp is properly designed and if 
well installed and well chosen with regard to pumping cap- 
acity, it forms a very good pumping equipment. The ordinary 
workman can easily make the required repairs with simple tools 
and practically the only attention that they require is re- 
packing;. If the water can be kept down below the working 
barrel by an auxiliary pump or by one of the Cornish pumps 
when there are two installed, as is customarily done, re- 
packing of the plungers can be accomplished in several hours. 
The gritty water which is continually being expelled from 
the underground workings, soon wears out the best packing 

which can be obtained, and this type of pump requires re^ 
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paclclng quite frequently; the packing rings requiring re- 
placement sonetines after a vreeks period of operation. 

The most serious error when installing this type of 
pump is in putting in foundations Trhich are not heavy and 
substantial enough. The main bearings are placed upon heavy 
timbers in all instances and in one or two installations 
these timbers are installed upon concrete piers. The foun- 
dations of this t3rpe have been substantial enough, but in 
the vast majority of Installations the whole foundation 
structure consists of a timber framework, and when the marnps 
are of large capacity, the foundation rocks with each plung- 
er stroke, which results in throwing the large bull wheels 
and pinions out of mesh, occasioning serious difficulties 
and breakdowns very soon afterward. Probably if substantial 
foixndations were put in with the majority of the installa- 
tions, they woiold be the strongest pa-^t of the equipment, and 
the pump parts would break from the shock occasioned by the 
inertia of the heavy columns of water which must be kept in 
motion by the plungers. Many of the installations of Cor- 
nish pumps were examined by the writer and there seemed to be 
little engineering method used in designing them. In some 
cases the area of the discharge pipes was much too small 
to take the discharge from the column pipe without the water 
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having to be lifted a nvia^er of feet above the connection 
of the discharge pipe to the coltunn pipe. In two or three 
instances, the T^ater is discharfred into the discharge pipes 
ten and twelve feet above the surface of the ground, vrhile 
the pond for the mill water receives all the discharged water 
directly from the discharge pipes. These two conditions 
affect the efficiency of operation of the piamps. The hubs 
on many of the heavy bull wheels are very much too weaK 
and all out of -oroportion to the strength put into other 
parts of the wheel. The same size of pliinger rods are often 
used in pumps of eight and ten inch worKin.r?; barrels as in 
those of sixteen inch diameter working barrels. Evidently 
if such rods are heavy enough for the larger pumps they are 
too heavy for the pumps of the smaller capacity and if they 
are only substantial enough for the small pumps they must 
be much too weak for the larger. In one instance a steel 
pinion shaft operating plunger rods for two sixteen inch 
diameter workinp^ barrels was more than an inch less in dia- 
meter than the pinion shaft operating the gear wheels of 
two ten inch working barrels. Both pumps were operated at 
like speeds and both installations were put in by the same 
firm. 

Perhaps it io not In all cases an error in enginceriiig 
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as the working capital of the mining company may be one of 
the determining factors, lout a .n;ood pumping equipment is 
more of a necessity for the mining corporation with small 
capital than for the one with the large working capital, 
since it will financially break a corporation quicker than 
any of the other adjuncts of a mine In^itallatioii. A shut- 
down of the pimping plant not only causes a shut-down of all 
of the underground workings for the period that the pujips are 
out of service, but also for that period required to again 
underwater the mine. 

Data sheet No. XV contains the data referring to the 
readings of motor input when operating a set of two eight 
inch working barrel Cornish lift pumps at the Empire mine. 
These pumos are being operated by a belted motor of the Nor- 
tern Company* s manufacture, and input readings to the instal- 
led motor were taken, and the losses of the motor deducted for 

determining the power input to the pump. The motor was 
of the compound wound type, and of forty horsepower rated 
capacity. It was belted to the pinion Bhaft of the pimp and 
was capable of slight speed variation by field control. 

The water discharged loy the pumps was determined by 
discharging them into a tank which was accurately measured 
for its cubical contents and the time taken to fill it with 
water was determined by sto^^watch readings. The total lift 
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was deterialned by measuring the distance from the level of 
the water In the marap undergroim--' to the center of the dis- 
charge pipe, and to this helrht was added the friction 
head as determined for the column pipes and discharge pipes 
for the velocity of flow of water throiigh them. 

The average efficiency of the piamps was found to be 
51.4 per cent and tho slippage was found to be 18.5 per cent. 
The purps had recently been repacked, which resulted in a 
slippage which is often exceeded in many of the pumps in 
use in this district. 

This test concludes the series of tests which were made 
at the Empire mine. Several other tests were made oy the 
writer on other puiaps in the district, and the results of 
such tests will now be stated. 
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'lESr OF TWO TEN UIOK CORNISH LIFT PUMPS 

There are novr installed at Hasel Green, Wisconsin, at 
one of the ulnes t^o sixteen inch ^'^orKlnr barrel Cornish 
pumps ^'hich have recently replaced tvro ten inch rorking 
barrel pmr.ps of the sene type. The two smaller pimps 
rere tested on August 15, 1908. They were operated by a 
Northern Electric Company seventy-five horsepor^er belted 
motor #25010. The pumps were operating :7ith six foot strokes 
at a rate of fifteen and one-half strokes per minute. One 
v/orking barrel was ten inches in diameter, and the other 
was ten and one-half inches in diameter. The total lift 
including :^'riction head was one himdred and thirty-one 
feet. 

The discharge water was conducted from the pum.ps 
throu£:h a line of piping to a creek which was dammed with 
a weir dam. A number of baffle plates rrere made of i^lanks 
?^nd those were placed across the stream so that the water 
rould have no appreciable velocity head at the weir dam.. 
The readings for discharge through the weir were taken 
with considerable accv.racy and a numiber cf them were taken 
so as to be able to furnish figures for a fair average for 
the quantity of water discharged. 
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The readings indicated that 706.9 gallons per r.inute 
of rater were beinn discharged. The piston displacer.ent? 
in gallons per minute represented 1008.7 gallons, and the 
slippage as determined from these figures ras tvrenty-one 
per cent. The Tratt input to the motor was 44,387, and 
the core and friction and o^r losses were 8,429.8 wattB, 
leaving a net input of 35,956 watts or 48.2 horsepower to 
the puiros* 

The water horsepo^rer represented by the above menr- 
tioned discharge was 26.4 horsepower and these figures re- 
present a pi:imp efficiency of 54.5 per cent which is some- 
what in excess of that obtained for the efficiency of the 
pumps at the Fmpire mine. 
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TEST OP TWO SIXTEEU IKCH CORIIISH LIJT PUMPS 

The ten inoh pumps above mentioned were found to 
be Inadequate to handle all the water encountered and they 
were replaced this spring hy two Cornish lift pumps with 
sixteen inch and fifteen and three-fourths inch working 
barrels respectively and discharging through eighteen inch 
column pipe. On May 28, 1909 readings for power input to 
these pumps were taken. The same seventy-five horsepower 
motor which formerly operated the ten inch piimps was driving 
them and the head pumped against had been changed considera- 
ble from the head against which the previously installed 
pumps operated. The total working head including the fric- 
tion head of the pipes for the velocity of water flov/ing 
when tested was 107.5 feet. The plungers were working at 
the rate of fourteen and throe-fourths strokes per minute. 
The water discharged was determined by weir measurer.ent and 
amounted to 1159.7 gallons per minute as determined by the 
average of five different readings. The bucket displace- 
ments Y/ith a plunger stroke of seventy-two inches amounted 
to 1812 gallons or 418572.7 cubic inches. A slippage of 
652.3 gallons was taking place at this rate of discharge 
and the same amounted to 36.1 per cent, which is somewhat 
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excessive and greater than the percentage of slippage for 
the other two pumps discussed. The above discharge repre- 
sents a water horsepower of 29,28 at the head mentioned. 

The motor input as determined "by readings of 
volts and amperes from the switch-hoard instruments which 
were checked "by calibrated portable 7/eston instruments was 
46625*3 v/atts and the calculated losses of the northern mo- 
tor, number 25010, was 6937.9 watts. The above motor input 
of 62.5 horsepower less its losses of 9.3 horsepower left 
an output or a pump-input of 53.2 horsepower and the pumps 
were therefore operating at an efficiency of approximately 
fifty- five percent. 

The average efficiencies of the throe Comish 
pumps which were tested amounts to 53.6 per cent and neither 
efficiency varies much from this figure. The three slippage 
factors, however, vary considerably. The sixteen inch pumps 
which have been discussed are not new pumps but v/hen they 
W6re installed new working barrels and buckets had been sup- 
plied, but there is undoubtedly a misfit somewhere in the 
working barrel or in the valves. The pumps had Just recent- 
ly been repacked when the test was made and the slippage 
should not have been so excessive. 

Very few of the Comish pumps in the district are 
motor driven and there is no method at hand for accurately 
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checking up these results for determining approximate ef- 
ficiencies or slippage factors. Unquestionably many of 
them are operating very uneconomically and their working 
conditions could in all probability be easily improved if 
there was at hand conveniences for checking up their opera- 
ting conditions. 

Only two centrifugal pumps have been operated in 
the district for pumping water from the underg:round work- 
ings. These were unfortunately of a type from which good 
efficiencies could not be expected. They v/ere of the direct- 
motor driven vertical turbine type i.ade in such a manner that 
the five stage impeller pumps could be installed down a six- 
teen inch drill-hole. .The vertical connecting shaft between 
motor and pumps was approximately one hundred and tv;enty feet 
in length and the inner bearings had been removed and others 
installed which were of a type which allowed the shaft bear- 
ings to be water lubricated and not by oil as the manufactur- 
er had intended. Even under such unfavorable conditions an 
efficiency o f operation of more than sixty per cent was ob- 
tained by the writer at a test last fall when the pumps were 
discharging at a head of about one hundred and thirty- five 
feet. One of these pumps had been in service for more than 
two years and had required scarcely any repairs or attention. 
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Such a type of pump is however not adapted for sinking pur- 
poses unless a drill-hole is sunk within a few foot from 
where the mine shaft is being put dov;n« 

A very satisfactory type of pump is hov/ever manu- 
factured which resembles the type discussed. The motor and 
pump are installed in close proximity with no intervening 
shaft between the motor and pump shaft and the operating 
motor is made splash proof* Such a pump would unquestion- 
ably give much better economy and satisfaction than the pres- 
ent lift pumps, A discharge connection would necessarily 
have to be provided which would allow lifting and lowering 
of the motor and pump during sinking operations. 

This will end the discussion on the tests which 
were conducted in the lead and zinc district by me, and a 
few words of general discussion related to these tests will 
follow. 
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ELECTRIC POWER FOR THE WISCONSIN 
LEAD AND ZINC MINING DISTRICT 

A company has recently been financed and the engln- 
e^^rlng is well under way for a power transniission systeia ex- 
tendinp: north from Galena as far as Platteville, with branch- 
es east and west of such a route to the nearby mines. The 
vn^iter has visited nearly every mine in the above mentioned 
Units of the mining district and believes that electric 
porrer for this district will result in a great boon to the 
mining industries. The price of coal delivered at the mines 
is prohibitive with the price of ore as low as at present, 
and with the inefficient power plants which the mining com- 
panies cannot afford to improve. Many of the mines rhlch 
are unfortunately located some distance from the railroad 
must haul their coal over roads which are impassable at times 
ill the spring. A number of mines were closed down a few 
months ago for this reason. The freight rates for coal 
north from Galena is ninety cento per ton and some of the 
mines pay as high as two dollars per ton for }iauling coal to 
their plants. 

Some of the mines in tiie district have already conr- 
tracted for electric power, and the others will be fort\inate 
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if they can procure the service Fhen the line is run up the 
district. rhe rates yhicii are to be charged for electric 
service will depend upon the horsepo'crer hour cons\;anption, 
but it will be sold at such rates as win lessen the cost of 
operation of the nines considerably. If the charge for el- 
ectric service equalled the cost of fuel and labor for steam 
power drive there would be a large saving occasioned by the 
use of motor drive, since the boiler troubles and maintenance 
rould be done away with. The boiler water throughout the 
district is very bad and its cccrosive action and the sediments 
which it deposit s in the boiler shells cause Liany shut-downs 
of the power plants. 

The larg^rnuiaber of nines have the ordinary sinple slide- 
valve engines installed, and tlieir econony is very low. LlKe- 
wise steaJTHdrlven air compressors are employed in nearly every 
plant. These machines occasion a large part of the load on 
the boiler plant, and since they operate continuously they 
waste a great amount of power, which could be saved by using 
a motor-driven compressor. The very extravagant hoist- 
engines with their small and long steam-lines, in ^hich great 
condensation taKes place, may likewise be replaced by elec- 
tric hoists with a large resulting saving in power consump- 
tion. 
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The flexibility of electrio drive will appeal most 
to the mining compaiiies, as soon as some of them become 
familiar with the system. Some properties operate several 
hoists, and undoubtedly more of them would like to do so 
if there was a convenient plan at hand to adopt. V/itii el- 
ectric po^er such a plan would be readily suggested. Elec- 
tric drive for operating the roaster plants has already been 
adopted, but in all cases it has been necessary to install 
a generator for furnishing power to the motor, and usually 
both generator and motor were installed with excessive cap- 
acity, and as a result they are operated ^^ery inefficiently. 
When power from the line can be obtained, the motor losses 
will be the only ones in a roasting plant v/hioh will exist 
and the induction motor wQl be much better suited for effi- 
cient service in the diist-laden air of the furnace room. The 
lift piunps are in some instances operated by separate steam- 
en:'^ines, and at some plants the main engine which operates 
only eight or nine hours per day is a Corliss type, while 
that operating the puraps for twenty- four hours per day is in 
all plants in the district a slide-valve engine. Motor- 
drives for such puiiips would therefore be v^ell suited for such 
drive throughout the district. 

There are many features about electric-drive which are 
especially well suited for the mines in this region, and the 
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above mentioned ones are only a small part of the total. 
The cost of Installation of a motor equipment vrill only 
amount to approximately a third of the cost of a steam power 
plant, and it may be easily moved to another plant, and if 
required, sold for a much greater proportion of the first 
cost than a steam plant can be sold for. In many instances 
it would hardly be a paying undertaking to attempt to move 
a boiler and engine plant from one mine to another after the 
plant had been in orjeration for som.e time, because the de- 
preciation is so excessive. 
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MOTOR DRIVE FOR THE ItllJE EQUIPMENTS 

The motors which may be operated directly from the 
conten-plated transniBsion system will h-ive to be alternat- 
ing current machines, and for some service they rill not be 
as satisfactory ap. direct current motors. Those for oper- 
ating the lift pumips should preferably be variable sp^ed 
motors, because such r^ould have better startinp:-under-larp;e- 
load characteristics, and could also be operated more econo- 
mically at different speeds. At m:Ost plants, horever, the 
speed of the pumps may be maintained at a constant rate and 
when it shall be necessary to speed them up for draining a 
mine vrhich has been closed dom, a shift in pulleys may be 
provided for. 

The present steam-driven compressor may be altered for 
constant speed drive and operated by a motor belted or 
geared to the present flyv/iieels or to pulleys rhich r^ay be 
installed on extended shafts vhicli can be provided for. 
The pressure of the air supply can be regulated by some 
type of the various unloaders '^hlch ere on the market. It 
will of course be advisable to disconnect some of the steam- 
connections. The miOtor will have to be chosen of a capac- 
ity much larger than will be required to operate the corn- 
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pressor vrith Its average load, because the nimter of drills 
* connected to the compressor is altered from tlrne to time. 
The conditions of drillings operations at the different 
plants will have to govern such choice. 

The standard mill of one hundred ton per eight hours 
capacity will require a motor of approximately seventy-five 
horse power capacity for driving according to the layout 
of the present mill equip::.ents. A constant speed motor 
connected to the line shaft by belting to a clutch pulley 
^111 operate a mill equipm.ent very satisfactorily. A new 
mill equipr.ent might be arranged for group drive, but un- 
less it we:^"e desired to operate the Jigs at varying speeds 
such a r^ysteri roulcl not be recomr.:ended. Sor.e power con- 
sumption m.ight be saved by such an arrangement by overcoming 
some of the friction, but complication^: would result and, 
slrce the operation of a milll equip:.:ent necessitates the 
continuous operation of each machine, considerable conr- 
fuslon ^ould result if a part of the nuia er of machines 
ceas^ed oper^ation. 

Satisfactory illiriination of the plant and the unde^^ 
ground workings of these ir.ining prcp^^rtles will add consider- 
ably to their incomiC. T^ere will remain places where ca:*dle 
and oil lam^ps will ^ave to be used, but the main lighting 
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underp:rourxd can be more efficiently done rlth incandescent 
lamps. Good illumination inl^ht result in ore veins being 
better and more closely follored up. The mine superintend- 
ent can have better supervision of his men ?rhen there is pro- 
per and enough light, just as the shop superintendent can, 
and the Forlcnien und^.rgroxind will be enabled to do more 
efficient ^ork with it. 

At some of the mines the mill and the underground 
^'orkings are lighted by open gasoline burners, and one place 
was visited where such a system was practiced where the 
pum.ps were hardly able to keep the water down so as to en- 
able the men to do work and the piomps were installed un-^.er 
a roof which contained the engine and boilers. Such gaso- 
line lamps as were mentioned above were in use, and there 
was only one means of escape from the shaft; c»-:rtainly such 
conditions established a veritable deathtrap. 
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ELECTRIC ROCK DRILLS 

In a n-unber of nines are operated some of the earlier 
types of electric rocK drills. In seve:^al of the r.lnes in 
the district a coin'bination air and el 'metric drill is be- 
Inr enonoiulcally ope'^rttec'.. The repairs on the earlier 
typeB of electric drills are quite prohibitive and lees 
r?Tillinfj is accoripllBheci than rlth a standard air drill* 
2he Tenple-Inf^ersoll air drill consists of an equlpiaent 
comprising a small motor driven air eompres^or on trucks. 
The compressor does not furnish a constant supply of air to 
the air drill vrhich is used in connection rith it, but a 
conj-'tant pressure is maintained on either side of the piston 
in the comipresi^or cylinder, and t?ro lenrths of hose connect 
to either side of the air piston in the drill. This meth- 
or?. o:ie:^ates the air drill i^ith a pulsatinp^ air pressure. 
The r.otor consianes approxlTiately five horse povrer, and as 
mxich drillinn^ can be done with it as rith an ordinary stan- 
dard air drill. TJie^e drill equiprents are prlvinf^ rood 
satisfaction, but they are heavy and cum ersoms for easy 
handlin;^. The old type of electric drill mentioned above 
uses a less horse poTver consumption. A nur.ber of tests 
^'ith a nui-'ber of them, p^ave results 8hoi?rln.n: that approxlm.ate- 
ly tv/o horse po^-rer Yras consulted In the motooigitized by vnOOQ IC 
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The averapie air drill coiisunied an amoiint of eneTp:y 
equalling approximately fifteen or eighteen horse poner, 
and a satisfactory electric drill rrlth Its small amount of 
power consTjraptlon will cut down the operating expenses of 
the majority of the mines very considerably. 

I desire to call to the attention of future graduates 
that there art:; a number of good, opportunities for students 
at tlie university to nake some practical tests among these 
mines which woul^. work up well into graduating theses and 
result In furnishing the mining conpanies with nuch valua- 
ble Information. Heretofore the mines In the district 
have in recent years been managed by men from various busi- 
ness pursuits. There have been clerks from stores, travel- 
ing salesmeii, me-^chantg, f-iri'^.c^'^, doctors, and office men, 
rho have attempted to manage and superintend mining proper- 
ties. At this period a m:mber of the mines are being man- 
aged by men better fitted by training ai^d :xperience to conr- 
duct such undertakings. These men are in a receptive state 
of mind concerning inforiiiation affecting successful mining 
methods, and t}^ey v^ill lend considerable assistance to those 
rho rill ottaMpt to make Interesting Investigations. 

The centrifugal pu\':ps opet^atinr^ in the present mills 
ought to be tested for efficiencies, and the manager of one 
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of. the 'birrest properties stated to rrie that he rould be plad 
to have such a test made at his plant, anni that his cor.pany 
woiild "be wllllnr to lend conslderrable assistance. There Is 
no doubt that many of these pioi-ips could be tested under fav- 
orable conditions. 

Another Important series of tests could be made upon 
a number of steam hoists for steam consumption. Fairly 
efficient engines operate 02. thirty poTUids of steam per 
horse povrer hour, but many of the steam enp^ines operating 
hoists cons-'oirie as much as ninety or o;ie hundred potmds of 
steam and more per horse power hour. Reliable data on this 
point and comparative figures of cost v^ould be v -;ry valuable 
to the rdner. 

Perhaps tests for effect of speed variation of the 
J ins upon the degree of ore separation could be succenf^fully 
conducted. Considerable ore contents are lost in the tail- 
ings at som:e of the plants, and if a percentage of the pre- 
sent losrj^s could be saved there vrould be a material gain 
financially to the mine. The customary mill rian is incompet- 
ent to maKe an extensive test of this kind, and it remains 
for a student or a number of them to make such determinations, 

A much discussed and argued problem is the required 
horse po'»*^er conr;um.ptlon for ope*»"atlng the various sized air 
drills under different conditions of operation and Inst all- 
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ment of the feeder lines. Also the eoonoiny of operatic; . of 
the different types of air compressors and the rfficiencies 
of operation of the pressure re/rulat ors. I have in ir.lnd 
a snail belted air oompresj-^or ^hich vras desipined for operat- 
ing tv?o tFO and one-half inch air drills. It is so operating 
at present, and the povrer in^out for operating the two drills 
is more than forty-five horse power. There is an imloader 
on it which is srippone'^. to cr\t ^^.o^m the po"-er inpvr-^ "^hen 
the pressure and supply in the tank is at a stated amount. 
The apparatus seems to be in good 'working order, but when 
it unloads the machine it dop.s not unload it very much for 
at such a tiiuc the input is almost thirty-eight horse power. 

Considerable waste of zinc occurs in roast inr* riome of 
lh« metal is vaporized and escapes in the fumes. This con- 
dition is occasioned by too much heat beinr apolied to a 
particle of the ore. Some of the ore is not roasted suffi- 
ciently to produce good r>eparation. For proper separation 
different degrees of heat should be applied for different 
sir:ed partial ^^.s of ore, and this condition could be mainr- 
tained if the ore which is fed to the roaster '^ere of more 
uniform size. This would necessitate screening the ore and 
feeding to the furnace at different periods the screenings 
of one size or another. Pyraneters fcr determining the dt>- 
rree of }:eat in the furnace might be succeB^^^fully applied 
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to roasting methods, but they have never been u^^ed in the 
district. 

Some valuable suggestions have been r.ade to the nining 
corporations by graduate engineers, and such ha^e led to 
economy in the raining methods at some of the plants. There 
have been some technical men working in the district, ^ho 
have had many theoretical ideas which have not been practi- 
cal. Tlie men themselves were impractical and it seens that 
a poor impression of the value of good engineering has been 
entrenched in the minds of ^one of the operators. It re- 
mains for good engineers to overcome this prejudice, and I 
believe that the value of p^everal good theses by undergrad- 
uates or post graduates will be consid^^rably appreciated by 
these m.anagers who are at the present time helping to put the 
lead and zinc mining ixidustry of V'iscon^in upon a paying com- 
mercial basis. 
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